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[57] ABSTRACT

This invention relates to a continuous process for sepa-
rating the soot from the aqueous suspensions containing
soot, obtained in the preparation of a synthesis gas, by

- Intimately contacting the aqueous suspension with at

least a part of the liquid hydrocarbonaceous material
feeding a synthesis gas generator and by recycling into
said gas generator the suspension of soot in the liquid
hydrocarbonaceous material after separation of a clari-
fied water phase by decantation.

The soot-containing aqueous suspension is brought inti-

mately into contact with the liquid hydrocarbonaceous

‘material by mixing said aqueous su5pen510n and said
- liquid hydrocarbonaceous material in successive mixing
steps, in such a way that a step-wise rising amount of

energy 1s used for said mixing, the energy amount used
in the first mixing step being of about 2,100 to 7,200
Joules per kilogram of soot and per second so as to
obtain a substantially complete transfer of the soot from

' the aqueous suspension to the liquid hydrocarbona-

ceous material and the energy used in the last mixing

- step being of about 10,800 to 33,500 Joules per kilogram

of soot and per second so as to reduce the water content
of the liquid hydrocarbonaceous material, the so ob-
tained hydrocarbonaceous material containing substan-
tially all the soot being finally separated from the clar1-

fied water phase by decantatlon

6 Claims, No DrawingS-



'PROCESS FOR RECOVERING THE SOOT
FORMED DURING THE PRODUCTION OF

- SYNTHESIS GAS BY PARTIAL OXIDATION OF -

HYDROCARBONACEOUS MATERIALS

Thls 1S a contlnuatlon n part in fact of my apphcat:on

4,315,834

Ser. No. 934,286 filed on Aug 16 1978 and now aban- :

_donod |
, '~ THE PRIOR ART |
 For the manufacture of a synthesis gas by partial

10

~ ‘oxidation of hydrocarbonaceous materials, a hydrocar-

bonaceous material or a mixture of hydrocarbonaceous

materials is reacted with air or oxygen, possibly in the
presence of steam, the amount of used oxygen being
insufficient for causing a complete combustion of the
hydrocarbonaceous material. The obtained gaseous
~ mixture contains mainly hydrogen and carbon monox-

‘ide, together with small amounts of steam, carbon d1ox-

ide and other gases. It contains also a small amount of

carbon in free state, i.e. soot, resulting from an incom-
plete conversion of the carbon of the hydrocarbona-
ceous feed in carbon oxides. - -
The hydrocarbonaceous materlal used for the manu-
facture of the synthesis gas by partial oxidation consists
generally of a hydrocarbon which may be any hydro-
‘carbon, from natural gas to heavy fuels, or of a mixture
- of hydrocarbons. Said material may also consist of a
hydrocarbonaceous compound containing oxygen or by
‘a mixture of hydrocarbonaceous compounds containing
oxygen, posmbly mlxed w1th one Or more hydrocar-
bons. | | |
“The amount of soot formcd in the processes of part1al
oxidation of hydrocarbonaceous materials depends on
several factors.. Said amount varies, for example, ‘ac-
cording to the nature of the hydrocarbonaceous mate-
rial fed to the synthesis gas generator. The amount of
soot is very small, when natural gas or other saturated
~ gaseous hydrocarbons are used as feed; an amount of
soot of about 0.2 to 1% by weight of the carbon content
of the hydrocarbon feed is formed, when the feed is a
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form of waste water, since this would create a pollution
problem. Furthermore, it is advisable, for economical
reasons, to recover the soot by recycling it into the
synthesis gas generator.
1t is known that the removal of soot from the aqueous
suspensions obtained in the production of synthesis gas
by partial oxidation of hydrocarbons can be performed

by intimately mixing the aqueous suspension with a

liquid hydrocarbon. The soot is extracted by the hydro-

carbon and it 1s possibie to separ‘atc, by decantation,
clarified water from a suspension of soot in the hydro-—

carbon. This process is described, for oxample in US.
Pat. No. 2,665,980. - l

According to this U.S. patcnt at least a part of the .
hydrocarbon feeding the synthesis gas generator is used

for extracting the soot and the obtained suspension of

soot in the hydrocarbon is recycled into said generator.
This method of removing and recovering the soot gives
good results, when the hydrocarbon material used for
feeding the synthesis gas generator, part of which is

used for extracting the soot, is a light hydrocarbon, such

~ as naphtha. On the contrary, when the hydrocarbon

used as feed material is a heavy hydrocarbon and when

- a part of said heavy hydrocarbon is used for extracting

25

the soot in order to obtain a suspenston of soot in the-

~ heavy hydrocarbon, it is very difficult to separate the

suspension of soot in thc hydrocarbon from the aqucous |

~ phase.

30

Since the dcnsuy of water is only slightly dlffcrent
from that of the heavy hydrocarbon, an emulsion of the
two phases is formed so that these phases can hardly be
separated from each other. This drawback already ap-
pears when the density of the heavy hydrocarbon is

- more than about 0.93 kg/liter at 15° C.

33

40

‘The poor phase separation has inhibited until now the
development of a method for soot separation by directly
transferring the soot into a part of the heavy hydrocar-
bon used for feeding the synthesis gas generator while
recycling the soot into the generator, as a suspension in.

the heavy hydrocarbon.

Since most of the commercial plants for the produc-

~ tion of synthesis gas by partial oxidation use a heavy

~ light liquid hydrocarbon, such as naphtha, whereas the

amount of soot may be of about 1% to 4%, when a
45

heavy. liquid hydrocarbon,. such as a crude oil or ‘a
heavy fuel-oil, is used as feed. |
‘The presence of soot in the synthcsrs gas is undcsn'-

.able; it particularly affects the catalytic conversion re-

actions to which the synthesis gas is subsequently sub-
mitted. For example, when the synthesis gas consisting
of hydrogen and carbon monoxide is to be used for the
‘manufacture of ammoma, the fine particles of soot

which are distributed in the synthes1s gas may deposit

on the catalyst used for the conversion of carbon mon-
oxide and thus increase too much the pressure drop in
‘the catalyst bed. Moreover, when the free carbon has
not been cntlrely removed, it may induce a foaming of
‘the solution used for decarbonating the gas.

- It is thus important to remove the soot from the crude

- synthesis gas, particularly when the feed material used
for the production of the synthesis gas is a heayy hydro-
carbon. |

" The removal of the soot frorn the crude synthems gas

- is easily performed by washing the latter with water, in

order to obtain an aqueous suspension which may con-
tain about 0.5 to 4% by weight of soot. The aqueous

50

53

60

65

-suspension of soot obtained by washing the crude syn-

thesis gas with water cannot be drained as such, in the

hydrocarbon as feed material, it has become necessary
to develop other methods for separating and recoyenng |
the soot.

In a commercial process, the soot contained in the
aqueous suspension it first transferred into a light hy-
drocarbon and thereafter, from this light hydrocarbon :

into a heavy hydrocarbon. The aqueous suspension of

soot is mixed with naphtha (light hydrocarbon) and the |
mixture is sent into a settler in which clarified water is
obtained as lower layer and a suspension of the soot in

‘naphtha as upper layer. The naphtha containing .the

soot is then mixed with a fraction of the heavy hydro-
carbon used for feeding the synthesis gas generator and

“the obtained mixture of soot and hydrocarbons is dis-

tilled for remoymg the naphtha which is recycled. The
resulting suspension of soot in the heavy hydrocarbon
may then be sent to the synthesis gas generator, |

“An important drawback of this method is the large
energy requirement for the distillation and recovery of
the naphtha.

Still other methods haye been proposed, in which the.
aqueous suspension of soot is mtlmately mixed with a
small amount of a hydrocarbon, in order to agglomerate
the soot partlcles which may then be separated from the
water by screening. In an industrial embodiment of this

‘method, the aqueous suspension of soot is mixed, in an
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agglomeratiﬂg-apparatus., with: a small amount of the
heavy hydrocarbon feeding the synthesis.gas generator

in-order to obtain pellets consisting of soot and hydro-

carbon having a diameter of 2 to -5 millimeters. These
pellets are separated from a carbon free aqueous phase,
which 1s recycled for washing the crude synthesis gas.

The pellets may then be burnt in.a combustion device

which is specially designed for this type of pellets. It is

also possible to mix said pellets, in a homogenizer; with

an additional amount of hydrocarbon, in order to obtain
a stable dispersion of fine particles of carbon in the
hydrocarbon, said dispersion being either burnt or sent

Into the synthesis gas generator. |

This known method is not simple and needs: agglom—
eration and homogemzatlon devices which. requlre
large quantities of energy.

DESCRIPTION OF THE INVENTION

This invention relates to a process for recovering the

soot formed during the production -of a synthesis gas
consisting of a mixture of hydrogen and carbon monox-
1de, by partial oxidation of hydrocarbonaceous materi-
als, the process according to the invention avoiding the

-above mentioned dlsadvantages of the known pro-

- CCSSES.

process for separating the soot from the aqueous suspen-
stons containing soot, obtained in the preparation of the
‘synthesis gas, by intimately mixing the aqueous suspen-
sion with at least a part of the liquid hydrocarbonaceous

fer the soot from the aqueous suspension into the hydro-
carbonaceous material and to obtain a suspension of

The invention relates partlcularly to a contlnuous'

10

15

20

25

.30
material feeding a synthesis gas generator, so as to trans-

soot in the hydrocarbonaceous material, said suspension -

being sent.to the synthesis gas generator as at least part

- of the feed of said generator. - -

~ The process according to this invention is thus of the
known type in which the soot is separated from the
aqueous suspensions obtained in the production of syn-
thesis gas by intimately contacting said aqueous suspen-
sion with at least a part of the liquid hydrocarbonaceous
material feeding a synthesis gas generator and in which
, after separation of a clarified water phase by decanta-

tion, the suspension of soot in the liquid hydrocarbona-
45

ceous material is recycled into said generator.
It has been found that it is surprisingly possible to
- obtain a good separation of the aqueous phase from the

organic phase by decantation, ‘when a hydrocarbon

havmg any density (higher or lower than water density)
is used for extracting the soot from the aqueous phase,

when the aqueous suspension:of soot is intimately

breught Into contact with the hydrocarbon (organic
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phase) in a step-wise manner, such a step-wise contact

being obtained by SUpplymg, for the mixing of the. aque--
ous and organic phases, increasing amounts’ of energy

eomprlsed between well defined limits.
It is preferred. to.use a hydrocarbon having a denmty

33

‘lower -than about 0.97 kg/liter or greater than 100 |

kg/liter at 15° C. for the extracting. |

The soot- eontalmng aqueous suspension 1S brought
Into contact with the liquid hydrecarhonaeeous mate-
- rial by mixing said aqueous suspensmn and said liquid
hydrocarbonaeeous material in successive mixing steps,
In such a way that a step-wise rising amount of energy

18 used for said mixing, the energy amount used in the

first mixing step being of about 2,100 to 7,200 Joules per

kilogram of soot and per second so as to: obtain a sub- -
- stantially complete transfer of the soot from- the aqueous

60

liquid hydrocarbonaceous material,

4

suspension to the liquid hydrocarbonaceous material
and the energy- used in the last mixing step being of
about 10,800 to 33,500 Joules per kilogram of soot and
per ‘second so. as to reduce the water content. of the
the so-obtained
hydrocarbonaceous material containing substantially all
the soot being finally separated from the clerlﬁed water
phase by decantation. - |

It has been found that, when the amount of energy
used in the mixing step is below the above mentioned
critical minimum range, it is not possible to obtain a
good mixture of the hydrocarbon with the soot contain-
Ing aqueous suspension, whereas a viscous mixture hav-
Ing the consistency of a fluid paste is obtained when the
amount of energy used for the mixing is beyond the
above mentioned critical maximum range. In- both
cases, 1t 1s not possible to-obtain a good separation of the
two phases (aqueous and organic phases). by decanta-
tion. . | I
The step-wise mixing according to this invention is
preferably performed in two steps, the amount of en-
ergy used for the mixing being of about 2,100 to 7,200

Joules per kilogram of soot and per second during the

first step and about 10,800 to 33,500 Joules per kilogram
of soot and per second during the second step. |
- 'This step-wise mixing allows to obtain a better sepa-
ration of the aqueous and organic phases than a one-step
mixing using a progressively rising amount of energy
comprised between the above mentioned limits.
According to a particular feature of the invention, the.

~amount of energy used at the end of the mixing period

must be at least 1.5 times the amount of energy used -

‘when the mixing 1s started, the amount of energy at the

end of the mixing being preferably from abeut 2.5:t0 4
times that used initially. N

The process aceerdmg to this invention enables to
obtain a good suspension of soot in the hydrocarbona- -

- ceous material as well as a good separation of this sus-

pension from a clarified aqueous phase, whatever be the
density of the used hydrocarbonaceous material, even
when the used hydrocarbonaceous material is a heavy
hydrocarbon having a density at 15° C. lower than -
about 0.97 kg/liter or greater than 1.00 kg/ liter.

The hydrocarbonaceous material used, in accordance
with the process of this invention, consists of at:least a
part of the liquid hydrocarbonaceous material feeding
the synthesis gas generator. The amount of said hydro-
carbonaceous material must be sufficient to obtain a

- pumpable suspension of soot in said hydrocarbonaceous

material. This means that the weight of said hydrocar-

- bonaceous material per time unit should preferably be-at

least 6 times, most preferably .at least 10 tlmes the
weight of the soot treated per unit. o
The amount of hydrocarbonaceous may consist ef the

total amount or only a fraction of the total amount of

hydroearbonaceeus materlal fed to the synthesis gas
generator , | . | |

For reasons of energy conservatlon, it 18 preferable?
according to this invention, to use only a fraction of the

total amount of hydrocarbonaceous material feeding
the generator, said fraction being preferably equal to

~ about 20 to 50% by weight of the liquid hydrocarbona-

ceous material sent into the generator, most preferably

-about 30 to - 50% of said weight.
65
1ing the synthesis gas generator and for separating the

The hydrocarbonaceous material used both for feed- .

soot' by the process according to this invention may

- consist of any liquid hydrocarbonaceous compound or




mixture of such eompounds whlch are su1tab1e for the
‘production of a synthesis gas by partial oxidation, such
as hydrocarbons or hydrecarbenaceous compounds
containing oxygen, provided that thesé compounds are
not soluble in water.

This hydrocarbonaceous material may also consist of

a_dispersion oOr a slurry of fine solids, such as carbon |

particles or coal, in one or more 11qu1d hydrocarbona-
‘ceous compounds. Particularly, it is possible, for recy-
cle units operating. at atmospheric pressure, to use
‘heavy hydrocarbons, such as the residues of the atmo-
spheric or vacuum distillation of petroléum or petro-

leum fractions or crude mineral oil. These. materials

‘may, but need not, have a density at 15° C. less than
~about 0.97 kg/liter or more than 1.00 kg/liter. Heavy
hydrocarbons may also be used when the operating

0

10

15

pressure is above 1 atmosphere, which allows the use of

temperatures higher than 100° C.

Heavy hydrocarbons commonly used. for mdustrlal'

production of synthesis gas contain about 85% by

~ weight of carbon and about 11% by weight of hydro-

‘gen. They may, for example, have a hydrogen/carbon
ratio of about 0.13 to 0.12. . S
- The process according to this invention is a eontmu-—
ous process and not a batch process, ie., the mixing
steps are perfermed sueeesswely in a continuous way.

4,315,834
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performed by other means,. for example by eentrtfuga—'
tion. | -
~When the hydreearbonaeeeus matertal has a densuy

which is lower than or equal to about 0.97 kg/liter, said

hydrocarbonaceous material forms with the soot, at the
temperature used in the process, e.g., at a temperature
of about 70° C. and under atmospheric pressure, a sus-
pension which is lighter than water and appears, after
decantation, as an upper layer, whereas when the den-
sity of the hydrocarbonaceous material i1s- preferably
higher than 1.00 kg/liter at 15° C., the formed organic
suspension is heavier than water at 70° C. and appears,

after decantation, as the lower layer.

For settlers operating under pressure above the atmo-
spherle pressure other densities depending on the tem-
perature of the settler will be determinant for the way
the hydrocarbon phase will be withdrawn.

The clarified water phase obtained by decantation is

| substantially free from soot and may advantageously be

20

25

Any type of mixer which is suitable for enabling a

continuous step-wise mixing of the mixture may be used
for contacting intimately the aqueous suspension of soot

with the liquid hydrocarbonaceous material. Conven-—'_% 30

tional mixers with low or high speed rotary stirrers or

other types of mixers in which the mixing 1s obtained in
a different manner may be used, for example perforated

plates, bundles of small tubes, hollow-cone or plain- -

cone sprayers expansion valves, static spiral mixers or

35

static mixers wherein the- Ilqulds flow in parallel layers.

The aqueous and organic phases may be mixed at
different temperatures and pressures, which are namely

recycled into the plant for the production of synthesis.
gas, for the purpose of washing the crude sysnthesis gas.

" The suspension of soot in the hydrocarbonaceous
material is sent to the synthesis gas generator, where it
is used at least as a part of the feeding material. The soot

is thus recovered and used for the productmn of the

synthes1s £as. .
"The suspension of soot in the hydrocarbonaceous

“material which has been separated by decantation con-
tains some water, the water content of said suspension

being of about 10% by weight. This suspension, possi-

- bly mixed with an additional quantity of hydrocarbona-
‘ceous material, may be used as feed material for the

synthesis gas generator, the presence of water being not
a drawback. On the contrary, it is known that the pres-
ence of a certain amount of water in the feed of the

synthesis gas generator is advantageous since 1t de-

- creases the amount of soot which is formed during the

dependent of the viscosity of the used liquid hydrocar-

bonaceous material at the mixing temperature. The

2057 C,

The seieetlon of a high temperature may reduee the

viscosity of the hydrocarbonaceous material and make
therefore the separation of the phases easier. A high
pressure, on the other hand, enables the use of hydro-
carbons having a lower bo111ng point or the use of a

40
temperatures ay be comprlsed between about 60" to = ac |
-  pumps to a first mixer in which they are submitted to

higher temperature. When a residue of the atmospheric |

distillation of petroleum is used as liquid hydrocarbon
~ material, said residue may, for example, be mixed with
the soot containing aqueous suspension at a temperature
of about 60° C. and at atmospheric pressure, whereas
when a residue of the vacuum distillation of petroleum
is used, the organic phase and the aqueous phase may,
for example, be mixed at a temperature of at least 180°
C. and under a pressure higher than the equlhbrlum
boiling pressure of the water phase. |

The mixture which is obtained by continuously mtt-,

mately contactmg, In accordance with this invention,
the aqueous suspension of soot with the liquid hydro-
carbonaceous material is then decanted or allowed to
settle, in order to separate clarified water from a suspen-

_-.preductlen of synthetic gas.

The liquid hydrecarbonaeeous matenal and the aque-
ous soot-containing suspension to be used in the process
according to this invention are sent, respectively by

any energy amount of about 2,100 to 7,200 Joules per

kilogram of soot and per second, in such a way that a’
45

substantially eomplete transfer of the soot from the
agueous suspenslon into the hquid hydrocarbonaceeus

material is effected. The obtained mixture is then sent to _
a second mixer wherein 1t is submitted to an energy

- -amount of about 10,800 to 33,500 Joules per kilogram of

50

soot per second in order to reduce the water content of

- the liquid hydrocarbon phase which contains substan-

- tially all the soot extracted from the aqueous suspen-

33

s1on.

The so treated mixture is then sent to a settler in
which two phases are formed, ie. a clarified water

phase and an hydrocarbon phase, the latter containing

all the soot, said phases being remeved from the settler

-as two separate streams.

60

sion of soot in the hydrocarbonaceous material. Ac-

cording to the density of the hydrocarbonaceous mate-

rial, the suspension of soot in the hydrocarbonaceous
material forms an upper layer which is lighter than the
aqueous. phase or a lower layer which 1s heavier than

water. The separation of the two phases may also be

65

The process according to this invention has several
advantages. This process is a simple and economical

process for recovering the soot from aqueous suspen-
sions obtained during the production of synthesis gas by
partial oxidation of heavy hydrocarbons.

Compared to the commercial process consisting 1n
transferring first the soot of the aqueous suspension into
a light hydrocarbon, such as naphtha, and then in the
heavy hydrocarbon feeding the synthesis gas generator,

the process according to this invention, in which the
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soot 1s directly transferred into the heavy hydrocarbon
used as feed material to the synthesis gas generator
allows important energy savings, due to the fact that the
expensive step of separating and recovering the naphtha
1s avoided. 5

The process according to this invention is also much
more simple and economical than the known method
consisting in the agglomeration of the soot, by means of
a small amount of the hydrocarbon used as feed material
to the generator, in order to obtain pellets which must 10
then be sent in a homogenizer with an additional
amount of the hydrocarbon to obtain a dispersion of
- soot which is sent to the synthesis gas generator. By
using the process according to this invention, there is no
need for expensive agglomeration and homogenization
devices, which, on the other hand, also require energy
for their operation. |

As already pointed out, the process according to this
Invention allows a good separation, by decantation or
centrifugation, of the suspension of soot in the hydro-
carbon, from a clarified water phase. There is no need
to use an additive, such as a wetting agent, for making
‘the separation easier. |

EXAMPLES
The invention is illustrated by the
limitative examples.

EXAMPLES 1to3

In these examples a heavy fuel having a density of 3¢
0.95 kg/liter at 15° C. has been used as feed hydrocar-
bon material for the production of a synthesis gas by
partial oxidation of said heavy fuel. |

The aqueous suspension of soot obtained by washing
the crude synthesis gas with water has been intimately 3>
brought into contact with a fraction of the heavy fuel
sent to the synthesis gas generator, in two mixers in
which the mixture has been subjected to a step-wise
Increasing mixing action. = | | |

The resulting mixture has then been sent in a settler,
under atmospheric pressure, wherein a lower layer of a
clarified aqueous phase practically free from soot and
~an upper layer of a suspension of soot in the heavy fuel
have been obtained. | | o

"The suspension of soot in the heavy hydrocarbon has
‘been sent to the synthesis gas generator. | |
- The step-wise mixing which has created an intimate
contact between the aqueous suspension of soot and the
heavy fuel and has been performed under the conditions
defined in the following table I, has given a good sepa-
ration by decantation of the aquedus phase, form the
suspension of the soot in the heavy fuel.

- | TABLEI
OPERATING CONDITIONS IN THE
MIXER AND SETTLER.

EXAMPLES

CONDITIONS 1 2 3
Flow rate of the aqueous suspen- 24,000 24,000 24,000

sion of soot in kg/hour .

Soot content of the 15
agueous suspension, in
g/kg of suspension

- Temperature of the
aqueous suspension of
soot, in °C.

Flow rate of fuel in
kg/hour

Temperature of the fuel
in °C.

15

20

following non
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15 25

70 70 70

12,000 6,000 12,000

70 70 70
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- -~ TABLE I-continued
M
OPERATING CONDITIONS IN THE
MIXER AND SETTLER.

EXAMPLES

CONDITIONS | 1 2 3
M
Density of fuel in kg/ 0.95 0.95 - 0.95

hitre at 15° C.
Pressure in the settler 0 0 0
in atmospheres (gauge)
Soot content of the fuel

at the outlet of the
settler, in g/kg of fuel

Energy supplied during
the first step of the
mixing, in Joules/kg

of soot

Energy supplied per
hour in the first mi-

30 60 )0

5,904 4,680 3,528

2,125,440 1,684,800 2,116,800

- Xing step in Joules

per hour

Energy supplied during
the second step of the
mixing, in Joules/kg

18,612 15,516 11,160

~ of soot

Energy supplied per hour
in the second mixing step

in Joules per hour - | |
%

6,700,320 5,585,760 6,696,000

25

EXAMPLES 4 to0 6

In these examples, a heavy vacuum residue having a

- density of 1.044 kg/liter at 15° C. has been used as feed

hydrocarbonaceous material for the production of a
synthesis gas by partial oxidation. |

The operation was the same as for example 1 tc 3, but
the hydrocarbon was kept at a temperature of 165° C.
before mixing, in order to ensure pumpability of the
hydrocarbon. The carbon slurry containing 0.015 kg of
soot/kg of slurry was introduced at a temperature of

165° C. -

The whole system, settlers in¢1uded, was kept under
a pressure of at least 10 bar in order to avoid boiling up

" of the water phase. o |

During these tests, the hydrocarbon phase was leav-
ing the settler by the bottom , whereas the water phase
was leaving the settler by the upper part. | |
The pressure drop in the first mixer has been as fol-
lows: -

— — — e

. Measured - - Corresponding - Energy supplied
EXAM- pressure energy input in in Joules/
PLE  drops in kg/cm? Joules/kg soot  second
- S~ .- et St
4 0.590 | 5,985 598.5
5 0.575 4,848 - 487.3
6 - 0.585 3,558 355.8

The pressure drop in the second mixer has been as
follows: | |

Corresponding Energy supplied

Exam- Measured 'pressui‘e energy input in in Joules/
ple drops in kg/cm?  Joules/kg soot second
4 1.882 19,089 1908.9
. 1.895 15,980 1598
6 i.893 11,481 1148.1

. .

COMPARATIVE EXAMPLES

It is possible to compare the results obtained (1) when
the mixing of the liquid hydrocarbonaceous material
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with the aqueous suspension is effected in one step, as

disclosed in U.S. Pat. No. 3,148,140 and (2) when the

mixing of both materials is performed in two steps using .

different energy input ranges in each of the two steps.
Considering first the one step operation:

(a) when the energy input is lower that 2, 000 Jou-

les/kg soot per second, large layers of aqueous and
‘hydrocarbonaceous phases are obtained, without any

noticeable transfer of carbon from the aqueous suspen-

sion into the liquid hydrocarbonaceous material;
(b) when the energy input is comprised between 2 000
and about 10,000 Joules/kg soot per second, the water

phase is practically free of hydrocarbonaceous material

and of free carbon (soot), but although all the free car-
- bon ‘has been transferred into the hydrocarbonaceous

phase, this phase contains about 30% of water and is

thus not suitable for feeding a synthesis gas generator.

(c) when the energy input is of about 35,000 Jou-

~ les/kg soot per second, the hydrocarbonaceous phase
only contains about 7% by welght of water, the content
of hydrocarbonaceous ! material in the water phase being
however higher than in the case where the energy input
~is of about 10,000 Joules/kg soot per second, whereas
~ the aqueous phase contains a noticeable amount of free
“carbon at the exit of the settler
(d) when the energy input is of about 70000 Jou-
les/kg soot per second, the hydrocarbonaceous and

aqueous phases get emulsified and it is not possible to

separate these phases in a settler, at least not within a
practically suitable time, the free carbon (soot) initially

contained in the aqueous suspension being spread over 5,
“sion so as to obtain a pumpable suspension of soot in said
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tant economic value, since the heat of combustion of the
hydrocarbonaceous material in the phase contatning
said hydrocarbonaceous material together with the soot
and only 7% by weight of water is about 5% higher that
the heat of combustion of the hydrocarbonaceous mate-
rial contained in a phase containing that material to-
gether with the soot and about 40% by weight of water,
due to the fact that much more water must be evapo-

" rated.

It is also clear that a one-step operation can only -
achieve either low free carbon content in the aqueous

- phase obtained in settlers or a low water content in said
‘hydrocarbonaceous phase, but that both results can

only be achieved simultaneously by using a two-step
mixing in accordance w1th this invention.
What I claim is: |

1. A continuous process for separating soot from an

~ aqueous suspension containing said soot obtained in the

-~ mately contacting, at a
20
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the whole mixture, whereas, when decanted, the aque-
ous phase still contains about 0.33 to 0. 66% by weight

free soot.

- From the above cons:deratlons 1t 1S thus clear that it
is not possible, whatever be the energy input, to obtain,
in one step, a liquid hydrocarbonaceous material con-

taining a low content of water and all the carbon ini-

~tially contained in the soot aqueous suspension, 1.e. a-

liquid hydrocarbonaceous material which can be used
for feeding a synthesis gas generator.

- Considering now a two- -step operatlon accordlng to
- this invention:

(a) When an energy. input of 2,100 to 7, 200 Joule:s/ kg
- soot and per second is used in the first mixing step, the
hydrocarbon phase contains 30 to 50% by weight of
water, whereas the aqueous phase is practically free of
~ oil and of free carbon (soot); this means that all the free
carbon has been transferred in the hydrocarbonaceous

- phase and remains in this phase, when the latter is sent

“together with the aqueous phase to the second mixer.

(b) when an energy input of 10,000 to 35,000 Jou-

les/kg soot and per second is used in the second step, it
~appears that the water content of the hydrocarbona-
ceous phase drastically decreases without practically no
back transfer of soot from this hydrocarbonaceous
phase to the aqueous phase.
- The water content is surprisingly decreased to a
- value of 7% by weight when the energy input is of
35,000 Joules/kg soot per second, so that the soot-con-
- taining hydrocarbonaceous phase, when separated from
the aqueous phase (which contains a small amount of

preparation of a synthesis gas which comprises inti-
temperature between about 60°
and 205° C., the aqueous suspension with at least a part
of a liquid hydrocarbonaceous material having a density
of less than about 0.97 kg/liter or more than 1.00
kg/liter at 15° C. feeding a synthesis gas generator and
recycling into said gas generator the suspension of soot
in'the hquid hydrocarbonaceous material after separa-
tion of a clarified water phase by decantation, the aque-
ous suspension containing the soot being continuously

brought intimately into contact with the liquid hydro-

carbonaceous material in an amount of at least 10 times
the weight of the soot contained in the aqueous suspen-

hydrocarbonaceous material by mixing all the aqueous
suspension and all the liquid hydrocarbonaceous mate-

rial in two successive continuous steps effected in two

35‘_separate static mixers in serial order in such a way that

a step- wise rising amount of energy 1s used for said
mixing, the energy amount used in the first mixing step

- being about 2,100 to about 7,200 Joules per kilogram of
- soot and per second so as to obtain a substantially com-
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‘hydrocarbonaceous material) in the settler, can be used 60

for feeding a synthesis gas generator.

| The two step process according to this invention thus
- enables not only to recover in the hydrocarbonaceous

phase substantially all the soot contained in the aqueous
‘phase, but also reduce unexpectedly the water content
(30 to 50%) of the liquid hydrocarbonaceous phase
‘obtained in the first mixing step to about 7% by weight

- after the second mixing step. This effect has an impor-

plete and continuous transfer of the soot from the aque-
ous suspension to the liquid hydrocarbonaceous mate-
rial, and the energy amount used in the second mixing

step being about 10,800 to about 33,500 Joules per kilo-

gram of soot and per second so as to reduce the water
content of the liquid hydrocarbonaceous material to
such an extent that the obtained hydrocarbonaceous
‘material, containing substantially all the soot and hav- .
ing a low water content which is separated from the

- clarified aqueous phase by decantation can be recycled

into said gas generator whereas the aqueous phase 1s
clear and can be disposed of.

2. The process of claim 1, wherein the amount of soot
formed in the preparation of a synthesis gas 1s about 0.2
to about 4%. |

3. The process of claim 1, wherem the preparation cf

- the-synthesis gas is a partial oxidation of hydrocarbona-

ceous materials to yield a mixture comprising hydrogen,
carbon monoxide and said soot.

4. The process of claim 1, wherein the amount of
hydrocarbonaceous material consists of a fraction of the
total amount of hydrocarbonaceous material fed to the
synthesis generator. |

5. The process of claim 4, wherem said fraction is of

“about 20 to 50% by welght of the liquid hydrocarbona-

~ ceous material sent into the generator.
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thesis gas generator.

6. The process of claim 1, wherein the amount of
hydrocarbonaceous material consists of the total
amount of hydrocarbonaceous material fed to the syn-

ok ok k% %
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